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and 10 mM-MgC1,. Protein concentration was determined by the Lowry method, using bovine serum albumin as standard.
Uptake of organic nutrients by membrane vesicles. Nutrient uptake by membrane vesicles was measured at 37 "C by a filtration method. The uptake medium contained 25 mM-buffer (HEPES/KOH pH 7.4 or KHCO,/KOH pH 10.0), 10 mM-MgCl,, membrane vesicles (0.25 mg protein), 0.4 M salt (NaCl, KCl, LiCl or choline chloride) and I4C-labelled substrate, in 1 .O ml total volume. The substrate concentration in the uptake mixture was as follows: L-glutamate -87.8 p~, 85 1 GBq mol-'; D-glucose -1 10 p~, 370 GBq mol-'; acetate -57.3 p~, 630GBq mol-'. Uptake was started by the addition of substrate to pre-incubated uptake mixture at 37 "C. At suitable intervals, 100 pl samples were filtered through membrane filters (pore size 0.45 prn; Toyo Roshi, Japan). Membrane vesicles on the filters were washed four times with 2-5 ml of the uptake mixture without substrate and dried. Radioactivity on the filter was measured in a gas-flow counter. Uptake rates were calculated from the linear portion of uptake curves (i.e. from the radioactivity taken up in 1 min) and expressed as nmol substrate accumulated (mg protein)-' min-I.
L-Glutamate binding. Measurement of L-glutamate binding to membrane vesicles was done according to Kennedy et al. (1974) . Membrane vesicles, prepared as described above, were washed and suspended in 25 mM-potassium phosphate pH 7.5 or HEPES/KOH pH 7.0 buffer containing 10 mM-MgC1, and 0.4 M-choline chloride. The membrane vesicles (0.3 mg protein) were added to a binding mixture (total 0.5 ml) containing 48 p~-('~CIglutamate (9-5 TBq mol-'), 10 mM-MgCI,, ionophores [20 pg valinomycin and 20 pg monensin ml-' (see Fig. 5 )1,40 p~-C C C P (see Fig. 6 ), 25 mM buffer [potassium phosphate pH 7.5 (see Fig. 5 ); HEPES/KOH for pH 7.0 to 7-4, Tris/HCl for pH 8.0 to 8.9, KHCO,/KOH for pH 9.5 to 10-5 (see Fig. 6 )l. After incubation at 37 "C for 20 min, the vesicles were precipitated by centrifugation (105000g, 30 min). The amount of membrane-bound glutamate was calculated by subtracting the radioactivity of the supernatant after centrifugation from that of the mixture before centrifugation.
Radioactive compounds and chemicals. L-I ''C1Glutamic acid and D-[ 14Clglucose were purchased from New England Nuclear; [l4Clacetate was from Daichi Kagaku (Japan); CCCP was from Sigma. Monensin was a generous gift from Dr N Ootake (Institute of Applied Microbiology, University of Tokyo, Tokyo, Japan). Other chemicals were of the best grade commercially available.
R E S U L T S
Membrane vesicles prepared as described above were suspended in 25 mM-HEPES/KOH buffer pH 7.4 or KHCO,/KOH buffer pH 10.0, containing 0-4 M cation (Na+, Li+, K+ or choline). As shown in Fig. 1 , glutamate was accumulated significantly into the vesicles in the presence of the Na+ gradient (in < out), and the activity was higher at alkaline pH. Accumulation of glucose was also dependent on the Na+ gradient (in < out), and the activity was highest at alkaline pH (Fig. 2) .
The effect of Nat concentration on the rate of glutamate transport was examined. The rate was determined at different concentrations of NaCl added to the reaction mixture. The dependence on Na+ was strictly hyperbolic, the apparent K , for Na+ being approximately 13 mM. The apparent K , for glutamate uptake when 0.1 M-NaCl was present in the assay mixture was estimated to be approximately 26 IM.
As shown in Figs 3 and 4, glutamate and glucose transport systems in Bacillus A-007 required an Na+ gradient. Uptake of both compounds could be shown with membrane vesicles on which an Na+ gradient (in < out) was imposed. CCCP and valinomycin did not inhibit the activities, rather a stimulation of glutamate transport was seen in the presence of valinomycin. Monensin, an ionophore for Na+/H+ exchange, inhibited transport of both glucose and glutamate (Table 1 ). Acetate transport was tested as an example of organic acid transport in BaciZlus A-007. Acetate uptake was observed in vesicles on which an artificial Na+ gradient (in < out) was imposed and the activity was inhibited by monensin (Table 1) .
Glutamate binding to partially purified carrier of B. subtilis W23 was found to be stimulated by Na+ (I. Kusaka, unpublished observation). Hence we also tested the Na+-dependent binding of glutamate to the membranes of Bacillus A-007. As shown in Fig. 5 , in the absence of added Na+, glutamate was bound only in an amount of 20pmol (mg protein)-' and the amounts increased when the Na+ concentration was increased up to 0.4 M. Under these conditions about 120 pmol glutamate (mg protein)-' was bound. Glutamate binding to the membranes was pH-dependent, like the transport reaction. An example of glutamate binding at different pH values is shown in Fig. 6 . In this case, Na+ was not added. The optimum pH for the binding was 10.0.
D I S C U S S I O N
Na+-dependent transport systems for amino acids have been reported in several kinds of bacteria (Sprott & . However, in these bacteria the transport of neutral and basic amino acids was primarily H+-dependent (Harold, 1977) . On the other hand, in halophilic bacteria, especially Halobacterium, most of the transport systems, including those of organic nutrients, have been shown to be Na+-dependent (Lanyi, 1978) . This may suggest a convergent evolution between halophilic bacterial membranes and membranes of eukaryotic cells.
In recent years, several kinds of alkalophilic bacteria have been isolated from several sources and the character of their amino acid transport systems has been studied. Guffanti et al. (1978) reported that the a-aminoisobutyric acid (AIB) transport system in Bacillus alkalophilus was Na+-dependent whereas that of P-galactoside was ATP-dependent. Na+-dependent AIB and amino acid transport systems in alkalophilic bacteria were also reported by Kitada & Horikoshi (1977 , 1980a . As shown in the present paper, a number of active transport systems in the alkalophilic Bacillus A-007 appear to be Na+-dependent. The acetate transport in Bacillus A-007 was somewhat complicated, judging from its sensitivity to several ionophores. However, the data in Table 1 indicate that more than 50% of the acetate was accumulated by an Na+ gradient system.
Binding of L-glutamate to membrane vesicles of Bacillus A-007 was found to be an Na+-and pH-dependent phenomenon. It needs further investigation to verify whether the binding observed in the present study reflects the process of active transport. Substrate binding to the carrier protein is one of the important steps in the active transport process and the glutamate Fig. 5 . Na+ dependency or' glutamate binding to membrane vesicles. Assay mixture (0.5 ml) contained membrane vesicles (0.3 mg protein), 25 mM-potassium phosphate buffer pH 7.5, valinomycin (20 pg ml-I), monensin (20 pg ml-I), 48 p~-['~CIglutamate (9.5 TBq mol-') and 0.5 M salt (NaCl and choline chloride). Membrane vesicles were prepared in medium containing 25 mM-potassium phosphate buffer pH 7.5, 10 mM-MgC1, and 0.5 M-chohe chloride. binding to the membranes observed in the present study may include the specific glutamate-carrier protein binding. In this respect, it is of interest to note the Na+ stimulation of the binding.
